The aim of this study was to establish whether pulmonary lobectomy using video-assisted thoracic surgery (VATS) can be safely performed by trainees with limited experience with open lobectomy. Methods: Data were retrospectively collected from 251 patients who underwent VATS lobectomy at a single institution between October 2007 and April 2011. The surgical outcomes of the procedures that were performed by three trainee surgeons were compared to the outcomes of procedures performed by a surgeon who had performed more than 150 VATS lobectomies. The cumulative failure graph of each trainee was used for quality assessment and learning curve analysis. Results: The surgery time, estimated blood loss, final pathologic stage, thoracotomy conversion rate, chest tube duration, duration of hospital stay, complication rate, and mortality rate were comparable between the expert surgeon and each trainee. Cumulative failure graphs showed that the performance of each trainee was acceptable and that all trainees reached proficiency in performing VATS lobectomy after 40 cases. Conclusion: This study shows that trainees with limited experience with open lobectomy can safely learn to perform VATS lobectomy for the treatment of lung cancer under expert supervision without compromising outcomes.
INTRODUCTION
Video-assisted thoracic surgery (VATS) lobectomy was introduced in 1991 [1] , and has become increasingly common in the treatment of lung cancer over the last decade. Recent review articles have suggested that VATS lobectomy in selected patients with early stage non-small cell lung cancer is a viable alternative to open lobectomy [2, 3] . Furthermore, VATS lobectomy has the advantage of involving decreased postoperative pain [4, 5] , reduced cytokine release [6] , shorter chest tube duration and hospital stay, and, consequently, lower hospital costs [7] [8] [9] .
Several articles have reported that VATS lobectomy, which is believed to be more complex and technically demanding than open lobectomy, can be taught to new trainees without compromising morbidity or mortality rates [10] [11] [12] [13] 
METHODS

1) Patients
Data were retrospectively collected on consecutive patients who underwent pulmonary lobectomy for lung cancer be- 
2) Surgical technique
Each patient was placed in the lateral decubitus position, with flexion of the operating table in order to widen the intercostal spaces. Intubation was performed using a double-lumen endotracheal tube to enable single-lung ventilation. A 3-5-cm utility incision was made, usually at the anterior axillary line over the fourth or fifth intercostal space, without spreading the ribs. Another two or three incisions were made to allow the insertion of a camera, stapler, and endoscopic instruments for the surgeon and assistant. Endoscopic instruments were used as frequently as possible. The operation was performed entirely with thoracoscopic visualization. The pulmonary artery, pulmonary vein, and bronchus were individually dissected using endolinear staples, and systematic dissection of the mediastinal lymph nodes was performed in all cases.
3) Trainees
The trainees were three fellows who had been members of As the trainees gained proficiency, cases involving upper lobe tumors or fused fissures were gradually introduced.
4) Assessment
The surgical outcomes of the VATS lobectomies performed by each of the three trainees under the supervision of a senior surgeon were compared to the outcomes of the same procedure performed by an expert surgeon who had performed more than 150 VATS lobectomies. In order to visualize the trainees' learning curves with maximum clarity, the first 50 cases performed by the expert surgeon were excluded from this study.
The quality assessment and analysis of each learning curve was performed using cumulative failure graphs. For these analyses, we defined failure as the occurrence of any of the following: (1) major perioperative morbidity and mortality;
(2) intraoperative blood loss ＞1,000 mL in the absence of severe pleural adhesion, or blood loss greater than 2,000 mL in the presence of severe pleural adhesion; or (3) duration of surgery more than two standard deviations above the departmental average (＞260 minutes in the absence of severe pleural adhesion or ＞320 minutes in the presence of severe pleural adhesion). Major morbidities were defined to include pulmonary complications requiring readmission to the intensive care unit, myocardial infarction, cerebrovascular pathology, and hemorrhages requiring reoperation.
5) Statistical analysis
All statistical analyses were performed with PASW 
RESULTS
1) Preoperative demographics
Data from 251 patients were included in this study. The patient characteristics of each group (expert surgeon vs. each trainee) are presented in Table 1 . Although the age of the patients in the group treated by trainee 3 was higher than in other groups, individual parameters including smoking history, incidence of tuberculosis, pulmonary function, tumor location, and tumor size were not significantly different among the groups.
2) Surgical outcomes
No significant difference was observed among the groups with respect to the presence of moderate to severe pleural symphysis during VATS lobectomy. The operative time, estimated blood loss, final pathologic stage, thoracotomy conversion rate, duration of chest tube support, duration of hospital stay, complication rate, and mortality rate were also comparable in each of the groups ( Table 2 ). The number of retrieved lymph nodes in the trainee groups was higher than in the expert surgeon group.
3) Cumulative failure graphs
Cumulative failure graphs for each group are shown in Konge et al. [17] have recently reported that extensive experience with open procedures was not needed to learn to perform VATS lobectomy, much as we hypothesized. However, our study included more trainees and more cases than their report, which means that it may be more likely for our study to facilitate the broader acceptance of this proposal.
Assessing the results of surgical training poses interesting challenges. Direct observation by supervisors is a way of monitoring individual competence, but is likely to be subjective.
The cumulative summation methodology, which has been suggested as a useful statistical technique to assess learning and training in physicians and surgeons [18] , allows for the objective and quantitative monitoring of surgical performance using well-defined failure situations. In this study, each cu- The cumulative summation technique, however, offers no panacea for assessing the competency of trainees [19] . Failure can be defined in a somewhat arbitrary manner, as exemplified by our criterion dealing with the amount of bleeding. On one hand, 1,000 mL of blood loss might be considered quite extensive, but the absolute amount of blood loss is less important than keeping vital signs stable and deciding whether thoracotomy conversion should be performed in the face of uncontrolled bleeding during VATS. Therefore, we also in- Our results show that VATS lobectomy can be safely taught to trainees without compromising surgical outcomes, as reflected by parameters such as estimated blood loss, complication rates, and mortality rates. Our outcomes, as quantified by the above parameters, were similar to the outcomes reported by two expert centers in the United States [20, 21] .
The number of retrieved lymph nodes in the groups treated by trainees was higher than in the group treated by the expert surgeon. We hypothesize that this difference may have stemmed from differences in some demographic category (for example, more old patients were included in the expert surgeon group), differences in the strategy of lymph node dissection 
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